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(57) ABSTRACT

A touch sensing method and a portable electronic apparatus
are disclosed in this invention. The portable electronic appa-
ratus includes a display module, a touch module and a pro-
cessing unit. The display module is used for displaying a user
interface. The user interface includes a plurality of interface
layers. Each of the interface layers has a layer depth index
respectively. The touch module is used for sensing a touch
input. The processing unit is used for mapping the touch input
to one of the interface layers according to the touch input and
the layer depth indices of the interface layers, so as to select or
execute an application function on the one of the interface
layers.

16 Claims, 4 Drawing Sheets

$100

\——~|Provide a user interface with multiple interface layers

8102
\"'\

Sense a touch input

NN Analyze a depth coordinate of the touch input

$106 Map the touch input onto one of the interface layers
\—~ according to the depth coordinate of the touch input
and the layer-depth references of the interface layers

8138/_\ Select or launch an executive function
from the mapped interface layer




US 9,201,529 B2

Page 2
(56) References Cited 2011/0102340 A1 5/2011 Martin et al.
2012/0034978 Al*  2/2012 Lim .cccccooevviieiieinene. 463/36
U.S. PATENT DOCUMENTS 2013/0314364 Al* 11/2013 Nicholsonetal. ........... 345/174

2011/0083106 Al* 4/2011 Hamagishi .........cc........ 715/836 * cited by examiner



U.S. Patent Dec. 1, 2015 Sheet 1 of 4 US 9,201,529 B2

Fig. 1

102



US 9,201,529 B2

Sheet 2 of 4

Dec. 1, 2015

U.S. Patent

¢ 81
ooﬁ/
jun
Surssaooad
| 8_ s 8_ s
J0SUu J0SUu
e[hpout yonoj yonoj \o/vﬁ
Aeydsp puo0oos 1S11J
./ a[nNpow JOSUIS Yono) N
~ N

/

001

rl



US 9,201,529 B2

Sheet 3 of 4

Dec. 1, 2015

U.S. Patent

G 814

9¢l1

¥ 819 € 314
Pl
Tl ! f
2 N & N
V#S vm
PPCI  9pCl

)
144!
14! el



US 9,201,529 B2

Sheet 4 of 4

Dec. 1, 2015

U.S. Patent

9 ‘S14

IaAe] 9oeryioiur paddew ay) woaj
uoounNy JA1INIIXI UB YdUne| 10 }99|3§

SIQAR[ 20BJIDIUI Y JO SIOUIIAI yidap-1ake] 2y} pue
ndur yonoj ay) jo djeurpiood yidap ayl o) Surprodde
SIaAR] 90BJIIUI 3y} JO duo ojuo ndur yonol ayy dey

A

ndur yono) ay) Jo ajeurpiood yidap e azAeUuy

indur yonoj e asuag

s1ake| aorjaotul o|dIinuw Yl 20BJIAIUI JISN B PIAOI]

801S

901S

OIS

OIS

001S



US 9,201,529 B2

1
TOUCH SENSING METHOD AND PORTABLE
ELECTRONIC APPARATUS

BACKGROUND

1. Field of Invention

The present invention relates to a touch sensing method a
touch device. More particularly, the present invention relates
to a touch sensing method and a portable electronic apparatus
applying the touch sensing method.

2. Description of Related Art

Touch panel devices, easy to manipulate, fast in response
time, and compact in size, may provide intuitive and conve-
nient interfaces to users, such that the touch panel devices
become important as input interfaces and widespread in vari-
ous applications of consumer electronics, e.g., e-book, per-
sonal digital assistant (PDA), smart phone, laptop computer,
point of sale (POS) system.

In general, a touch panel is consisted of a display panel and
a touch module disposed on the display panel. A transparent
touch sensor film is adhered on the display panel, so as to
realize touch sensing and display functions at the same time.
Because of recent improvements made in the sensing preci-
sion of the aforesaid touch-sensing equipment, the modern
touch panel is now popular among users, and it is gradually
replacing traditional input devices, e.g., keyboards and mouse
devices, in many systems.

Currently, a Graphical User Interface (GUI) is typically
used as the user interface in a touch panel. There are several
objects, e.g., functional shortcuts or Widgets, displayed on
the desktop of the Graphical User Interface.

The objects displayed on the desktop are distributed on
different spots in two dimensions over the screen. When a
user touches the touch sensor module, a touch input with a
horizontal coordinate and a vertical coordinate is induced. On
the basis of the horizontal coordinate and the vertical coordi-
nate of the touch input, a corresponding object on the user
interface can be selected or an application function of the
object can be executed.

Each icon of displayed objects on the screen requires a
basic size, such that functions and contents representing by
the icon can be recognized easily by users. However, the
screen size of an electronic device is limited. When there are
many objects to be displayed (e.g., dozens of Widget items
with different functions are installed), the objects may be
displayed in several different pages on a traditional device.
The manipulation on a traditional device is inconvenient that
users must find out which page the wanted objects is located
on before they can select those objects.

SUMMARY

In order to solve the aforesaid problem, this disclosure
provides a touch sensing method and a portable electronic
apparatus. The user interface provided by the portable elec-
tronic apparatus in the disclosure has multiple interface layers
in the same screen. Multiple display items on the user inter-
face may be distributed on different locations in two dimen-
sions over the screen, and in the mean time, each display item
belongs to one of the interface layers, such that a three-
dimensional user interface is formed. When users trigger the
touch sensor module to generate a touch input, a depth coor-
dinate of the touch input can be analyzed in this disclosure.
The touch input can be mapped onto one of the interface layer
according to the depth coordinate. Therefore, the disclosure
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may provide user a succinct interface with more manipulation
possibilities compared to traditional two-dimensional user
interface.

Therefore, an aspect of the invention is to provide a touch
sensing method. The touch sensing method includes steps of:
providing a user interface comprising a plurality of interface
layers, each of the interface layers has a layer-depth reference
respectively; sensing a touch input; and, mapping the touch
input onto one of the interface layers according to the touch
input and the layer-depth references of the interface layers, so
as to select or launch an executive function from the one of the
interface layers.

According to an embodiment of the disclosure, the touch
sensing method is suitable for a portable electronic apparatus,
the portable electronic apparatus comprises a plurality of
touch sensors, and the step of sensing a touch input further
includes a step of: generating a depth coordinate when the
touch input being sensed by one of the touch sensors, the
depth coordinate being varied according to the touch input
being sensed by different touch sensor of the touch sensors.
Furthermore, the step of mapping the touch input onto one of
the interface layers further includes a step of: matching the
depth coordinate of the touch input with the layer-depth ref-
erences of the interface layers, and mapping the touch input
onto the one of the interface layers according to the matching
result.

In aforesaid embodiment of the disclosure, the touch sen-
sors may include a first touch sensor and a second touch
sensor. The interface layers may include a front interface
layer and a back interface layer. When the first touch sensor
senses user manipulation and generates the touch input, the
touch input is mapped onto the front interface layer for select-
ing or executing an executive function from the front interface
layer. When the second touch sensor senses user manipula-
tion and generates the touch input, the touch input is mapped
onto the back interface layer for selecting or executing an
executive function from the back interface layer.

In aforesaid embodiment of the disclosure, the first touch
sensor may include a capacitive touch sensor, a resistive touch
sensor, an optical touch sensor or an acoustic touch sensor.
The second touch sensor may include an acoustic touch sen-
sor.

According to an embodiment of the disclosure, the touch
sensing method is suitable for a portable electronic apparatus,
the portable electronic apparatus comprises at least one touch
sensor, and the step of sensing a touch input further includes
a step of: analyzing a pressed force, a vertical pressed ampli-
tude or a signal strength from the touch input, and accordingly
generating a depth coordinate corresponding to the touch
input. Furthermore, the step of mapping the touch input onto
one of the interface layers further include a step of: matching
the depth coordinate of the touch input with the layer-depth
references of the interface layers, and mapping the touch
input onto one of the interface layers according to the match-
ing result.

In aforesaid embodiment of the disclosure, the at least one
touch sensor comprises a capacitive touch sensor.

According to an embodiment of the disclosure, the touch
input further has a horizontal coordinate and a vertical coor-
dinate.

According to an embodiment of the disclosure, the user
interface includes a plurality of display items. Each display
item is located on one of the interface layers. When at least
part of the display items from different interface layers are
overlapped, the display items are displayed in sequence of the
layer-depth references of the interface layers.
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Another aspect of the invention is to provide a portable
electronic apparatus includes a display module, a touch sen-
sor module and a processing unit. The display module is used
for displaying a user interface. The user interface includes a
plurality of interface layers. Each of the interface layers has a
layer-depth reference respectively. The touch sensor module
is used for sensing a touch input. The processing unit is used
for mapping the touch input onto one of the interface layers
according to the touch input and the layer-depth references of
the interface layers, so as to select or launch an executive
function from the one of the interface layers.

According to an embodiment of the disclosure, the touch
sensor module includes a plurality of touch sensors. A depth
coordinate is generated when the touch input is sensed by one
of'the touch sensors. The depth coordinate is varied according
to the touch input being sensed by different touch sensor of
the touch sensors. The processing unit matches the depth
coordinate of the touch input with the layer-depth references
of'the interface layers, and the processing unit maps the touch
input onto the one of the interface layers according to the
matching result.

In aforesaid embodiment of the disclosure, the touch sen-
sors include a first touch sensor and a second touch sensor.
The interface layers include a front interface layer and a back
interface layer. When the first touch sensor senses user
manipulation and generates the touch input, the touch input is
mapped onto the front interface layer for selecting or execut-
ing an executive function from the front interface layer. When
the second touch sensor senses user manipulation and gener-
ates the touch input, the touch input is mapped onto the back
interface layer for selecting or executing an executive func-
tion from the back interface layer.

In aforesaid embodiment of the disclosure, wherein the
first touch sensor may include a capacitive touch sensor, a
resistive touch sensor, an optical touch sensor or an acoustic
touch sensor. The second touch sensor may include an acous-
tic touch sensor.

According to an embodiment of the disclosure, the touch
sensor module includes at least one touch sensor. The pro-
cessing unit analyzes pressed force, vertical pressed ampli-
tude or signal strength from the touch input, and accordingly
the processing unit generates a depth coordinate correspond-
ing to the touch input. The processing unit matches the depth
coordinate of the touch input with the layer-depth references
of'the interface layers, and the processing unit maps the touch
input onto one of the interface layers according to the match-
ing result.

In aforesaid embodiment of the disclosure, the at least one
touch sensor includes a capacitive touch sensor.

According to an embodiment of the disclosure, the touch
input further has a horizontal coordinate and a vertical coor-
dinate.

According to an embodiment of the disclosure, the user
interface includes a plurality of display items. Each display
item is located on one of the interface layers. When at least
part of the display items from different interface layers are
overlapped, the portable electronic apparatus displays the
display items in sequence of the layer-depth references of the
interface layers.

Another aspect of the invention is to provide a portable
electronic apparatus, which includes a casing, a display mod-
ule, a touch sensor module and a processing unit. The display
module is used for displaying a user interface. The user inter-
face includes a front interface layer and a back interface layer.
The touch sensor module is used for sensing a touch input.
The touch sensor module includes a first touch sensor dis-
posed on a front side of the casing and a second touch sensor
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disposed on a back side of the casing. When the first touch
sensor senses user manipulation and generates the touch
input, the processing unit maps the touch input onto the front
interface layer for selecting or executing an executive func-
tion from the front interface layer. When the second touch
sensor senses user manipulation and generates the touch
input, the processing unit maps the touch input onto the back
interface layer for selecting or executing an executive func-
tion from the back interface layer.

According to an embodiment of the disclosure, the first
touch sensor may include a capacitive touch sensor, a resistive
touch sensor, an optical touch sensor or an acoustic touch
sensor. The second touch sensor may include an acoustic
touch sensor.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention can be more fully understood by reading the
following detailed description of the embodiments, with ref-
erence made to the accompanying drawings as follows:

FIG. 11is a perspective view diagram illustrating a portable
electronic apparatus according to an embodiment of the
invention;

FIG. 2 is a functional block diagram illustrating the por-
table electronic apparatus in FIG. 1;

FIG. 3 is a schematic diagram illustrating the user interface
according to an embodiment of the invention;

FIG. 4 is a schematic diagram illustrating the front inter-
face layer according to aforesaid embodiment of the inven-
tion;

FIG. 5 is a schematic diagram illustrating the back inter-
face layer according to aforesaid embodiment of the inven-
tion; and

FIG. 6 is a flow chart diagram illustrating a touch sensing
method according to an embodiment of the invention.

DETAILED DESCRIPTION

Reference is made to FIG. 1 and FIG. 2. FIG. 1 is a per-
spective view diagram illustrating a portable electronic appa-
ratus 100 according to an embodiment of the invention. FI1G.
2 is a functional block diagram illustrating the portable elec-
tronic apparatus 100 in FIG. 1.

As shown in FIG. 2, the portable electronic apparatus 100
in the embodiment includes a display module 120, a touch
sensor module 140 and a processing unit 160. As shown in
FIG. 1, the display module 120 is disposed on the casing 102
of the portable electronic apparatus 100. In the embodiment,
the touch sensor module 140 may include two touch sensors
(a first touch sensor 142 and a second touch sensor 144).
Furthermore in the embodiment, the first touch sensor 142 is
closely adjacent to the display module 120 and located on the
front side of the casing 102. The second touch sensor 144 is
approximately symmetric to the first touch sensor 142 and
located on the back side of the casing 102. However, the
invention is not limited to have two touch sensors on the
opposite surfaces.

When a user contacts the detecting plane of the first touch
sensor 142 or the second touch sensor 144 with a contact
medium (e.g., fingers or stylus), the touch sensor module 140
utilizes the first touch sensor 142 or the second touch sensor
144 to generate a touch input. When information contents of
the touch input may include a horizontal coordinate, a vertical
coordinate and a depth coordinate. Among these coordinates,
the horizontal coordinate and the vertical coordinate repre-
sent the horizontal and vertical location of the sensed point,
induced by the contact of the user, relative to the detecting
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plane. Furthermore in the embodiment, the depth coordinate
of'the touch input represents the contact of the user is detected
by whether the first touch sensor 142 or the second touch
sensor 144. For example, when the user contact is detected by
the first touch sensor 142, the depth coordinate of the touch
input can be a digit of “0”; on the other hands, when the user
contact is detected by the second touch sensor 144, the depth
coordinate of the touch input can be a digit of “1”. However,
the depth coordinate disclosed in the invention is not merely
limited to this example.

As shown in FIG. 1, the display 120 is used for displaying
a user interface.

Reference is made to FIG. 3, FIG. 4 and FIG. 5. FIG. 3 is a
schematic diagram illustrating the user interface 122 accord-
ing to an embodiment of the invention. To be noticed that, the
user interface 122 disclosed in the invention has a plurality of
interface layers. Each interface layer has a different layer-
depth reference. As shown in FIG. 3, the user interface 122
includes two interface layers, i.e., a front interface layer 124
and a back interface layer 126. F1G. 4 is a schematic diagram
illustrating the front interface layer 124 according to afore-
said embodiment of the invention. FIG. 5 is a schematic
diagram illustrating the back interface layer 126 according to
aforesaid embodiment of the invention.

There are several display items displayed on the user inter-
face 122. For example, there are total twelve display items
(display items 124a~124e and display items 126a~126g) on
the user interface 122. Each display item is located on one of
the interface layers. As shown in FIG. 4, five display items
124a~124e are located on the front interface layer 124. As
shown in FIG. 5, seven display items 126a~126g are located
on the back interface layer 126.

If some display items are from different interface layers are
partially (or fully) overlapped, the display items are displayed
in sequence of the layer-depth references of the interface
layers. As shown in FIG. 3, the display item 124a on the front
interface layer 124 partially covers the display item 1264 on
the back interface layer 126.

By applying of layer-depth reference in the embodiment,
the user interface 122 with the characteristic of three-dimen-
sional manipulating interface may accommodate more dis-
play items in a size-limited displaying area.

During the practical procedure of detecting the touch input
and further reacting to the touch input, the processing unit 160
of'the embodiment matches the depth coordinate of the touch
input generated by the touch sensor module 140 with the
layer-depth references of the interface layers (e.g., the front
interface layer 124 and the back interface layer 126), and
mapping the touch input onto the one of the interface layers
according to the matching result.

The embodiments in following paragraphs are listed for
demonstrating how to generate different depth coordinates
depending on the characteristic of the touch input, and how to
map the touch input onto proper interface layer according to
the depth coordinate of the touch input. In the embodiment
corresponding to FIG. 3 to FIG. 5, the touch sensor module
140 is disclosed to include two touch sensors (the first touch
sensor 142 and the second touch sensor 144) for example.

When the first touch sensor 142 on the front side senses
user manipulation and generates the touch input, the touch
input is mapped onto the front interface layer 124, so as to
select from the display items 124a~124e on the front interface
layer 124 or launch an executive function corresponding to
the display items 124a~124e on the front interface layer 124;
on the other hand, when the second touch sensor 144 senses
user manipulation and generates the touch input, the touch
input is mapped onto the back interface layer 126, so as to
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select from the display items 126a~126g on the back interface
layer 126 or launch an executive function corresponding to
the display items 126a~126g on the back interface layer 126.
In other words, when one of the touch sensors (either the first
touch sensor 142 or the second touch sensor 144) senses the
touch input, the depth coordinate is generated and the depth
coordinate is varied according to that the touch input is sensed
by which touch sensor of the touch sensors. Afterward, the
processing unit 160 matches the depth coordinate ofthe touch
input with the layer-depth references, the processing unit 160
maps the touch input onto the one of the interface layers
according to the matching result. As the embodiment corre-
sponding to FIG. 3 to FIG. 5, different touch sensors can be
disposed on different locations (e.g., different surfaces of the
apparatus).

In the embodiment, the first touch sensor 142 and the
second touch sensor may adopt various kinds of touch sen-
sors, e.g., the capacitive touch sensor, the resistive touch
sensor, the optical touch sensor, the acoustic touch sensor or
any equivalent touch sensor.

In a practical application, the first touch sensor 142 may
adopt a capacitive touch sensor and the second touch sensor
144 may adopt an acoustic touch sensor. As shown in the
embodiment of FIG. 1, the first touch sensor 142 adopting the
capacitive touch sensor can be well integrated with the dis-
play module 120 on the front side, and furthermore the
capacitive touch sensor may provide higher preciseness in
touch sensing. On the other hand, the second touch sensor 144
adopting the acoustic touch sensor on the back side may work
properly regardless of the hardware configuration in sur-
rounding area. The acoustic touch sensor recognizes location
of'the touch input by the sound caused by the user contact, and
the acoustic touch sensor may work properly without a
smooth sensing plane. Therefore, the acoustic touch sensor
may coexist with other kinds of hardware within the same
area. For example, the acoustic touch sensor can be disposed
around a battery module.

Furthermore, two touch sensors (the first touch sensor 142
or the second touch sensor 144) disposed on the front and
back sides are utilized to generate the touch input with dif-
ferent depth coordinates. The depth coordinates corresponds
to different interface layers (the front interface layer 124 or
the back interface layer 126) on the user interface 122, such
that a three-dimensional user interface 122 and a three-di-
mensional touch sensing method are realized. In this case, the
depth coordinates can be determined by distinguishing which
touch sensor generates the touch input. The identification of
the depth coordinate is easy and precise. In addition, two
touch sensors disposed on different sides of the apparatus are
free of the interference from each other.

On the user interface 122 of the embodiment, users may
directly click on the display items 126a~126g via the second
touch sensor 144, such that a mistaken click on other display
items on the front layer 124 can be avoided. For example,
when users try to launch the photo-shooting function, users
may click the display item 1265 via the second touch sensor
144 on the back side, in stead of clicking on the front side in
a traditional user interface, which may lead to a mistaken
click on the display item 1244 representing the phone-calling
function. On the other hand, when users try to launch the
phone-calling function, users may click the display item 1245
via the first touch sensor 142 on the front side, so as to avoid
amistaken click on the nearby display item 1265 representing
the photo-shooting function.

In comparison, parts of traditional user interfaces manage
display items with archive folders. In this case, users may not
click the display item through the desktop screen, and users
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must remember the target display item is classified into which
archive folder. In addition, some other traditional user inter-
faces distinguish the touch destination between the front dis-
play item and the back display item by singular-clicking or
double-clicking. This kind of traditional manipulation man-
ner with multiple-clicking is not friendly to users.

In aforesaid embodiment of the invention, the touch sensor
module 140 of the portable electronic apparatus 100 includes
the first touch sensor 142 disposed on the front side and the
second touch sensor 144 disposed on the back side for gen-
erating a touch input with variable depth coordinate. How-
ever, the invention is not limited to two touch sensors on the
opposite sides. In another embodiment, the touch sensor
module 140 may include three or more touch sensors for
generating a depth coordinate with more possible levels cor-
responding to more interface layers.

In another embodiment, two or more touch sensors of the
touch sensor module 140 can be disposed on the same side.
For example, the touch sensor module may include a capaci-
tive touch sensor integrated with the display panel and an
optical touch sensor disposed over the capacitive touch sen-
sor. When a finger moves close to the top surface of the
display panel, the optical touch sensor will be triggered at
first. Secondly, when the finger contacts on the top surface of
the display panel, the capacitive touch sensor will be trig-
gered. Therefore, multiple touch sensors (the capacitive touch
sensor and the optical touch sensor) disposed on the same side
may generate a touch input with variable depth coordinate. In
order words, the touch input may have different depth coor-
dinate according to the vertical pressed amplitude of the user.

In another embodiment, two or more touch sensors on the
same side can be a capacitive touch sensor and a resistive
touch sensor. Different depth coordinate can be generated
according as the finger contacts on the touch plane (capacitive
sensing) or presses downward against the touch plane (resis-
tive sensing). Therefore, multiple touch sensors (the capaci-
tive touch sensor and the resistive touch sensor) disposed on
the same side may generate a touch input with variable depth
coordinate. In order words, the touch input may have different
depth coordinate according to the vertical pressed amplitude
of'the user. The capacitive touch sensor and the resistive touch
sensor are well known by a person in the art, and not to be
discussed further here.

In another embodiment, the touch module 140 may include
a touch sensor and a pressure sensor (or the pressure sensor
can be a touch sensor capable sensing the pressure from the
force of the touch contact, such as the resistive touch sensor).
Different depth coordinate can be generated according as the
pressed force from the touch contact. In order words, the
touch input may have different depth coordinate according to
the pressed force of the user.

Furthermore, the touch sensor module 140 may include at
least one touch sensor. The at least one touch sensor can be a
capacitive sensor. The touch input sensed by the capacitive
touch sensor may have different signal strength when the
contacted area between the finger and the capacitive touch
sensor is different. The depth coordinate can be varied based
on the signal strength of the touch input.

In aforesaid embodiments, the invention discloses a user
interface 122 with multiple interface layers, and each inter-
face layer has a layer-depth reference respectively, so as to
form a three-dimensional user interface 122 for managing the
display items 124a~126g. The touch input is mapped onto the
display items 124a~126g on different interface layers accord-
ing to the depth coordinate of the touch input and the layer-
depth references of the interface layers. The depth coordinate
can be generated in many ways at least including procedures
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mentioned in the embodiments from FIG. 1 to FIG. 5. How-
ever, the invention is not limited to those procedures.

Reference is made to FIG. 6. FIG. 6 is a flow chart diagram
illustrating a touch sensing method according to an embodi-
ment of the invention. The touch sensing method of the
embodiment can be applied on aforesaid portable electronic
apparatus 100.

As shown in FIG. 6, step S100 of the touch sensing method
is executed at first for providing a user interface. The user
interface includes a plurality of interface layers. Each of the
interface layers has a layer-depth reference respectively. Ref-
erence can be made to FIG. 3 to FIG. 5. According to an
embodiment, the user interface includes a plurality of display
items. Each display item is located on one of the interface
layers. When at least part of the display items from different
interface layers are overlapped, the display items are dis-
played in sequence of the layer-depth references of the inter-
face layers

The touch sensing method includes steps of: providing a
user interface comprising a plurality of interface layers, each
of the interface layers has a layer-depth reference respec-
tively; sensing a touch input; and, mapping the touch input
onto one of the interface layers according to the touch input
and the layer-depth references of the interface layers, so as to
select or launch an executive function from the one of the
interface layers.

Afterward, step S102 is executed for sensing a touch input.
During sensing the touch input, step S104 can be executed for
analyzing the touch input and acquiring a depth coordinate of
the touch input.

Afterward, step S106 is executed for mapping the touch
input onto one of the interface layers according to the touch
input and the layer-depth references of the interface layers.
During step S106, the touch sensing method is further per-
formed to match the depth coordinate of the touch input with
the layer-depth references of the interface layers, so as to map
the touch input onto the one of the interface layers according
to the matching result. In addition, the touch input further has
a horizontal coordinate and a vertical coordinate.

Finally, step S108 is executed for selecting or launching an
executive function from the interface layer corresponding to
the depth coordinate of the touch input. In addition, the tar-
geted location of the display item on the corresponding layer
can be referred to the horizontal coordinate and the vertical
coordinate of the touch input.

In an embodiment, the portable electronic apparatus
include a plurality of touch sensors. During sensing the touch
input, the touch input is sensed by one of the touch sensors.
When the touch sensing method generate a depth coordinate
of the touch input, and the depth coordinate corresponds to
the one of the touch sensors.

For example, the touch sensors may include a first touch
sensor (e.g., a capacitive touch sensor, a resistive touch sen-
sor, an optical touch sensor or an acoustic touch sensor) and a
second touch sensor (e.g., an acoustic touch sensor). The
interface layers may include a front interface layer and a back
interface layer. During step S102 to step S108, if the first
touch sensor senses user manipulation and generates the
touch input, the touch input is mapped onto the front interface
layer for selecting or executing an executive function from the
front interface layer. On the other hand, if the second touch
sensor senses user manipulation and generates the touch
input, the touch input is mapped onto the back interface layer
for selecting or executing an executive function from the back
interface layer.

According to an embodiment of the disclosure, the portable
electronic apparatus includes at least one touch sensor (e.g., a
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capacitive touch sensor). During step S102, the touch sensing
method further includes a step of: analyzing the touch input,
and accordingly generating a depth coordinate corresponding
to the touch input. The depth coordinate may be related to the
signal strength of the sensed signal generated by the touch
sensor (i.e., the capacitive touch sensor).

The further details ofhow to generate the depth coordinate,
how to relate the depth coordinate and the layer-depth refer-
ences, and other features of the invention are disclosed in
aforesaid embodiments, and not to be repeated here. Refer-
ence can be made to FIG. 1 to FIG. 5 and related paragraphs
above.

In summary, this disclosure provides a touch sensing
method and a portable electronic apparatus. The user inter-
face provided by the portable electronic apparatus in the
disclosure has multiple interface layers in the same screen.
Multiple display items on the user interface may be distrib-
uted on different locations in two dimensions over the screen,
and in the mean time, each display item belongs to one of the
interface layers, such that a three-dimensional user interface
is formed. When users trigger the touch sensor module to
generate a touch input, a depth coordinate of the touch input
can be analyzed in this disclosure. The touch input can be
mapped onto one of the interface layer according to the depth
coordinate. Therefore, the disclosure may provide user a suc-
cinct interface with more manipulation possibilities com-
pared to traditional two-dimensional user interface.

It will be apparent to those skilled in the art that various
modifications and variations can be made to the structure of
the present invention without departing from the scope or
spirit of the invention. In view of the foregoing, it is intended
that the present invention cover modifications and variations
of this invention provided they fall within the scope of the
following claims.

What is claimed is:

1. A touch sensing method, wherein the touch sensing
method is suitable for a portable electronic apparatus, the
portable electronic apparatus comprises a plurality of touch
sensors and the touch sensing method comprises:

providing a user interface comprising a plurality of inter-

face layers, each of the interface layers has a layer-depth
reference respectively;

sensing a touch input, wherein the step of sensing a touch

input comprises:
generating a depth coordinate when the touch input being
sensed by one of the touch sensors, the depth coordinate
being varied according to the touch input being sensed
by different touch sensor of the touch sensors; and

mapping the touch input onto one of the interface layers
according to the touch input and the layer-depth refer-
ences of the interface layers, so as to select or launch an
executive function from the one of the interface layers,
wherein, the step of mapping the touch input onto one of
the interface layers comprises:

matching the depth coordinate of the touch input with the

layer-depth references of the interface layers, and map-
ping the touch input onto the one of the interface layers
according to the matching result;

wherein the touch sensors comprise a first touch sensor and

a second touch sensor, the interface layers comprising a
front interface layer and a back interface layer, when the
first touch sensor senses user manipulation and gener-
ates the touch input, the touch input is mapped onto the
front interface layer for selecting or executing an execu-
tive function from the front interface layer, and when the
second touch sensor senses user manipulation and gen-
erates the touch input, the touch input is mapped onto the
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back interface layer for selecting or executing an execu-
tive function from the back interface layer.

2. The touch sensing method of claim 1, wherein the first
touch sensor comprises a capacitive touch sensor, a resistive
touch sensor, an optical touch sensor or an acoustic touch
sensor.

3. The touch sensing method of claim 1, wherein the sec-
ond touch sensor comprises an acoustic touch sensor.

4. The touch sensing method of claim 1, wherein the step of
sensing a touch input further comprises:

analyzing a pressed force, a vertical pressed amplitude or a
signal strength from the touch input, and accordingly
generating the depth coordinate corresponding to the
touch input.

5. The touch sensing method of claim 4, wherein the at least

one sensor comprises a capacitive touch sensor.

6. The touch sensing method of claim 1, wherein the touch
input further has a horizontal coordinate and a vertical coor-
dinate.

7. The touch sensing method of claim 1, wherein the user
interface comprises a plurality of display items, each display
item is located on one of the interface layers, when at least
part of the display items from different interface layers are
overlapped, the display items are displayed in sequence of the
layer-depth references of the interface layers.

8. A portable electronic apparatus, comprising:

a display module for displaying a user interface, the user
interface comprising a plurality of interface layers, each
of the interface layers having a layer-depth reference
respectively;

a touch sensor module for sensing a touch input; and

a processing unit for mapping the touch input onto one of
the interface layers according to the touch input and the
layer-depth references of the interface layers, so as to
select or launch an executive function from the one of the
interface layers;

wherein the touch sensor module comprises a plurality of
touch sensors, a depth coordinate is generated when the
touch input is sensed by one of the touch sensors, the
depth coordinate is varied according to the touch input
being sensed by different touch sensor of the touch sen-
sors, the processing unit matches the depth coordinate of
the touch input with the layer-depth references of the
interface layers, and the processing unit maps the touch
input onto the one of the interface layers according to the
matching result;

wherein the touch sensors comprise a first touch sensor and
a second touch sensor, the interface layers comprising a
front interface layer and a back interface layer, when the
first touch sensor senses user manipulation and gener-
ates the touch input, the touch input is mapped onto the
front interface layer for selecting or executing an execu-
tive function from the front interface layer, and when the
second touch sensor senses user manipulation and gen-
erates the touch input, the touch input is mapped onto the
back interface layer for selecting or executing an execu-
tive function from the back interface layer.

9. The portable electronic apparatus of claim 8, wherein the
first touch sensor comprises a capacitive touch sensor, a resis-
tive touch sensor, an optical touch sensor or an acoustic touch
sensor.

10. The portable electronic apparatus of claim 8, wherein
the second touch sensor comprises an acoustic touch sensor.

11. The portable electronic apparatus of claim 8, wherein
the processing unit analyzes a pressed force, a vertical
pressed amplitude or a signal strength from the touch input,
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accordingly the processing unit generates the depth coordi-
nate corresponding to the touch input.

12. The portable electronic apparatus of claim 11, wherein
the at least one touch sensor comprises a capacitive touch
sensor.

13. The portable electronic apparatus of claim 8, wherein
the touch input further has a horizontal coordinate and a
vertical coordinate.

14. The portable electronic apparatus of claim 8, wherein
the user interface comprises a plurality of display items, each
display item is located on one of the interface layers, when at
least part of the display items from different interface layers
are overlapped, the portable electronic apparatus displays the
display items in sequence of the layer-depth references of the
interface layers.

15. A portable electronic apparatus, comprising:

a casing;

a display module for displaying a user interface, the user
interface comprising a front interface layer and a back
interface layer, wherein each of the front interface layer
and the back interface layer has a layer-depth reference
respectively;

atouch sensor module for sensing a touch input, the touch
sensor module comprising a first touch sensor disposed
on a front side of the casing and a second touch sensor
disposed on a back side of the casing; and
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a processing unit, when the first touch sensor sensing user
manipulation and generating the touch input, the pro-
cessing unit mapping the touch input onto the front
interface layer for selecting or executing an executive
function from the front interface layer, and when the
second touch sensor sensing user manipulation and gen-
erating the touch input, the processing unit mapping the
touch input onto the back interface layer for selecting or
executing an executive function from the back interface
layer;

wherein a depth coordinate is generated when the touch
input is sensed by the first touch sensor or the second
touch sensor, the depth coordinate is varied according to
the touch input being sensed by the first touch sensor or
the second touch sensor, the processing unit matches the
depth coordinate of the touch input with the layer-depth
references of the front interface layer and the back inter-
face layer, and the processing unit maps the touch input
onto the front interface layer or the back interface layer
according to the matching result.

16. The portable electronic apparatus of claim 15, wherein
the first touch sensor comprises a capacitive touch sensor, a
resistive touch sensor, an optical touch sensor or an acoustic
touch sensor, and the second touch sensor comprises an
acoustic touch sensor.
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